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$0$ $c_{f}(x)$ . $x$
, $c_{m}(x)$ .
. $F(x)$ ,
$f(x)$ . $\overline{F}(x)=1-F(x)$ , $\lambda(x)=f(x)/\overline{F}(x)$
. $x\in[0, \infty$ ) $\overline{F}(x)$ . , ,
.
.
1 $c_{f}(x)$ $c_{m}(x)$ $x$ , , ,




, $\overline{x}\in[0, \infty]$ $Y(x)$ $(0,\overline{x})$ $[\overline{x}, \infty$ ) .





2 Phelps [3] , , $c_{f}(x)$ $c_{m}(x)$ $x$ ,







, $g$ , .
:
$v(x)= \min\{_{c_{f}^{m}(x)}c(x)xv(s)f(s)\infty d-g\int_{0}^{\infty}^{\frac{1}{\int_{0^{\infty}}^{\overline{F}(x)}}}\overline{F}(s)ds\}$ . (2.3)
$v(\cdot)$ . , $v(\cdot)$
, , –# \eta ,
.
:
$v(x)= \min\{_{c^{m}(x)}c_{f}(x)+\frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds,$ $\}$ (2.4)
$\int_{0}^{\infty}v(s)f(s)ds-g\int_{0}^{\infty}\overline{F}(s)ds=0$ . (2.5)
3.
. , $t$ $t\in(0, \infty)$
$t$ , $t$
. , , .
, $t$ $t$ .
3 :
$L(x,g)=-(c_{f}(x)-c_{m}(x)) \overline{F}(x)+\int_{x}^{\infty}c_{f}(s)f(s)ds-g\int_{x}^{\infty}\overline{F}(s)ds$, (3.1)
$M(x,g)=c_{f}(x)-c_{m}(x)+ \int_{0}^{x}c_{m}(s)\lambda(s)$ ds-gx, (3.2)
$Z(x)= \frac{-(c_{f}(x)-c_{m}(x))\overline{F}(x)+\int_{x}^{\infty}c_{f}(s)f(s)ds}{\int_{x}^{\infty}\overline{F}(s)ds}$ (3.3)





$Y(x)$ $x$ , $\delta$ $Y(x)$ $(0, \delta)$ , $\overline{x}>0$ .
Q.E.D.
3,1 , $Y(+0),$ $Y(\infty)$ .
3.2 $\overline{x}$ , $t^{*}\in(0,\overline{x}$]
$Y(t^{*})=Z(t^{*})$ (3.5)
.
( ) $L(x,g)$ $M(x,g)$ $x$
$\frac{\partial L(x,g)}{\partial x}=-\overline{F}(x)(c_{f}’(x)-c_{m}’(x)+c_{m}(x)\lambda(x)-g)$ ,
$\frac{\partial M(x,g)}{\partial x}=c_{f}’(x)-c_{m}’(x)+c_{m}(x)\lambda(x)-g$
, ’ $x$ .
$\frac{\partial L(x,g)}{\partial x}=-\overline{F}(x)\frac{\partial M(x,g)}{\partial x}$ (36)
. , $Y(x)$ $Z(x)$




. $Y(x)$ $\overline{x}$ , $x$ $Y(x)>0$
$\overline{g}$ ,
$\overline{g}=Y(\overline{x})$ . (3.9)
$Y(x)$ $[\overline{x}, \infty$ ) , $Y’(x)\geq 0$ ,
$\frac{\partial M(x,\overline{g})}{\partial x}=Y(x)-\overline{g}+xY’(x)\geq 0$
. (3.6)
$\frac{\partial L(x,\overline{g})}{\partial x}\leq 0$, $x\in[\overline{x}, \infty$ ),
$L(x,\overline{g})$ $x$ $[\overline{x}, \infty$ ) . , $c_{f}(\cdot)$ $c_{m}(\cdot)$ ,
$\lim L(x,\overline{g})=0$
$xarrow\infty$
. $L(\overline{x},\overline{g})\geq 0$ . (3.7)
$Z(\overline{x})\geq\overline{g}$ (3.10)
30
. , $Y(+0)=\infty,$ $Z(0)$ is , $Y(\overline{x})=\overline{g},$ $Z(\overline{x})\geq\overline{g}$ , $Z(x)$ $Y(x)$ $x$
, $t^{*}\in(0,\overline{x}$] $Z(t^{*})=Y(t^{*})$. . QED.











. $v(\cdot)$ ( $v(\cdot)$ $c_{f}(\cdot)$ ).
$c_{f}(x)-v(x)=c_{f}(x)-c_{m}(x)+ \int_{0}^{x}c_{m}(s)\lambda(s)$ ds-gx $=M(x, g)=x(Y(x)-g)\geq 0$ , $x\in(0, t^{*}$ ], (3.13)
, $Y(x)$ $(0, t^{*}$ ] $x$ $g=Y(t^{*})$ .
$x\in(0, t^{*})$
$c_{m}(x)+ \frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds$
















, 2 (35) (3.11) . $v(\cdot)$
$\frac{1}{\overline{F}(x)}\int_{0}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{0}^{\infty}\overline{F}(s)ds=0$ ,
, (2.5) . (3.13) (3.14)
$v(x)= \min\{c^{m}(x)c_{f}(x)+\frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds,$ $\}$
$=c_{m}(x)+ \frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds$ , $x\in[0, t^{*}$ ), (3.15)





. par (1) , $t^{*}<\overline{x}$ .




$\frac{\partial M(x,g)}{\partial x}=Y(x)-g+xY’(x)\geq 0$, $x\in[t, \infty$ )
$\sim$
, (3.4)
$\frac{\partial L(x,g)}{\partial x}\leq 0$, $x\in[t, \infty$)
$\sim$
. $L(x, g)$ $[t, \infty$ )
$\sim$
$x$ $L(\infty, g)=0$
$L(x,g)\geq 0$ , $x\in[t,\infty$ )
$\sim$
(3.16)
. $x\in[t^{*}, t$ )
$\sim$
(3.4) :
$\int_{t}^{x}\frac{\partial L(s,g)}{\partial s}ds=\int^{x}(-\overline{F}(s)\frac{\partial M(s,g)}{\partial s})ds$
$L(x,g)-L(t^{*},g)= \overline{F}(t^{*})M(t^{*},g)-\overline{F}(x)M(x,g)-\int^{x}M(s,g)f(s)ds$ $i_{-}’3.17$)





$L(x,g)=- \overline{F}(x)M(x, g)-\int_{t}^{x}M(s, g)f(s)ds$ (3.18)
.
$M(x, g)=x(Y(x)-g)\leq 0$ , $x\in[t^{*},t^{\sim}$)
, (3.6)
$L(x,g)\geq 0$ , $x\in[t^{*}, t$)
$\sim$
(3.19)
. (3.16) (3.19) ,
$L(x,g)\geq 0$ , $x\in[t^{*}, \infty$ )
.
(l.ii) $Y(t)=Y(t^{*})\sim$ $t\sim(>t^{*})$ , $x\in(t^{*}, \infty)$ $Y(x)<g$
. (3.8)
$M(x,g)\leq 0$ , $x\in[t^{*}, \infty$ ).
. (3.18)
$L(x,g)=- \overline{F}(x)M(x,g)-\int^{x}M(s,g)f(s)ds\geq 0$ , $x\in[t^{*}, \infty$ )
.





$\frac{\partial L(x,g)}{\partial x}\leq 0$
.
$L(x,g)\geq L(\infty,g)=0$ , $x\in[t^{*}, \infty$ )
.
(1) (2)
$v(x)=c_{f}(x) \leq\{c_{m}(x)+\frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds\}$ , $x\in[t^{*}, \infty$) (3.20)
,
$v(x)= \min\{c_{f}^{m}(x)c(x)+\frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds,$ $\}$
$=c_{f}(x)$ , $x\in[t^{*}, \infty$ ), (3.21)
, , (2.4) $x\in[t^{*}, \infty$ ) .
, $g$ $v(\cdot)$ (3.11) (3.12) , (2.4)
(2.5) . 21 $g$ . , (3.15)
$t^{*}$ , , $t^{*}$
(3.21) .
, $t=t^{*}$ $t$ . QED.
33
3.4 2 $\overline{x}=\infty$ .







$v(x)=c_{m}(x)- \int_{0}^{x}c_{m}(s)\lambda(s)ds+gx$, $x\in[0, \infty$ ). (3.23)
$c_{f}(x)-v(x)=c_{f}(x)-c_{m}(x)+ \int_{0}^{x}c_{m}(s)\lambda(s)$ $ds- g=M(x,g)=x(Y(x)-g)\geq 0$ , $x\in[0, \infty$ ), $(3.24)$
,
$Y(x)-g\geq 0$ , $x\in(0, \infty)$ .
, (3.14) $x\in[0, \infty$ )
$c_{m}(x)+ \frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds=c_{m}(x)+\int_{0}^{x}c_{m}(s)\lambda(s)$ ds–gx $=v(x)$ (3.25)
. , (3.24) (3.25)
$v(x)=c_{m}(x)+ \frac{1}{\overline{F}(x)}\int_{X}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds\leq c_{f}(x)$, $x\in(0, \infty)$ , (3.26)
$v(x)= nin\{_{c_{f}^{m}(x)}c(x)+\frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds,$ $\}$ (3.27)
$=c_{m}(x)+ \frac{1}{\overline{F}(x)}\int_{x}^{\infty}v(s)f(s)ds-g\frac{1}{\overline{F}(x)}\int_{x}^{\infty}\overline{F}(s)ds$ , $x\in[0,\infty$ )
$Q$
, , (2.4) $x\in[0, \infty$ ) .
, $g$ $v(\cdot)$ (3.22) (3.23) , (2.4) (2.5)
. 3.3 ,
$\circ v(x)\leq c_{f}(x)$ , $x\in[0, \infty$ ) (3.28)
$v(\cdot)$ . , 21
, .
34
$n=1,2,$ $\cdots$ , $X_{n}$ $n$ , , , $\tau_{n}$












. $c_{i}(x)$ $x$ (3.30) $narrow\infty$
$g\leq g_{\pi}$ , (3.31)















$B$ B. 1 . , (3.32) $narrow\infty$
$g=g_{\pi_{m}}$ (3.34)
. , (3.31) (3.34)
$g=g_{\pi_{m}}\leq g_{\pi}$ (3.35)
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Phelps [3] 1 2 .
A.1 $c_{f}(x)$ $c_{m}(x)$ IFR , 2 .
( ) , $\lambda(x)$ $x$ .
, $c_{f}(x)\equiv c_{f}$ $c_{m}(x)\equiv c_{m}$ .
$W’(x)=xc_{m}\lambda’(x)\geq 0$
. $W(x)$ $x$ . ,
$Y’(x)=\frac{1}{x^{2}}W(x)$ $(A.4)$
$x$ $0$ $\infty$ . , $Y(x)$ . QED.
A.2 $c_{f}(x)$ $c_{m}(x)$ ,





. $W(x)$ $x$ $0$ 1
, , $Y(x)$ $x$ QED.





. $(c_{f}(x)-c_{m}(x))’’\geq 0$ $t$ $(c_{m}(x)\lambda(x))’\geq 0$ , $Y’(x)$ $x$ $0$ $\infty$















, , $\epsilon>0$ $x_{\epsilon}>0$
$|u(x)|<\epsilon$ , $x>x_{e}$
. ,





$= \frac{v_{e}P(X_{n}\leq x_{e})}{E[X_{n}]}+\frac{\epsilon E[X_{n};X_{n}>x_{e}]}{E[X_{n}]}$
$\leq\frac{v_{\epsilon}}{E[X_{n}]}+\epsilon$ $(B.6)$
. (B.6) (B.2)
$\lim_{narrow}\sup_{\infty}\frac{|E[v(X_{n})]|}{E[X_{n}]}\leq\epsilon$ $(B.7)$
. $\epsilon(>0)$
$\lim_{narrow\infty}\frac{|E[v(X_{n})]|}{E[X_{n}]}=0$ $(B.8)$
. . QED.
